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Abstract. This paper brings space weather prediction close to earthquake (EQ) prediction research. The results of this paper support conclusions 
of previously presented statistical studies that solar activity influences the seismic activity, this influence is mediated through rapid geomagnetic 
disturbances and the geomagnetic disturbances are related with increases of solar wind speed.  Our study concern an example of 40 days with 
direct response of a series of 7 strong-to-giant (M=6.8-9.3) EQs (including the Andaman-Sumatra EQ) to solar wind speed increases and 
subsequent geomagnetic fast disturbances. Our analysis for 10 M>6 EQs from November 23 to December 28, 2004 suggests a mean time 
response delay of  EQs to fast geomagnetic disturbances of ~1.5 days. The two giant EQs during this period occurred after the two fastest 
geomagnetic variations, as revealed by the ratio of the daily Kp index variation over a day ΔKp/Δt (12 and 15, respectively). It suggests that the fast 
disturbance of the magnetosphere, as a result of the solar wind speed increase, is a key parameter in a related space weather-earthquake prediction 
research. The Solar-magnetosphere-lithosphere coupling and their possible special characteristics during the period examined needs further 
investigation, since it could provide significant information on the underlying physical relation processes of strong earthquakes.  
 
 
 
1. Introduction.   
The presence of Sun controls to a highest degree the planet Earth, the life on it and, of course, human life, health and culture. In particular, 
scientific research in the recent decades has greatly improves our knowledge of Sun, its emissions and several aspects of its influence on other 
planets and their magnetospheres and, most of all, on earth‟s magnetosphere. In addition, the last two decades two different sciences, space 
physics and seismology, have been developed to a common new research direction: space whether prediction and earthquake prediction. Space 
whether prediction research has been accepted as the main priority in space physics, whereas earthquake prediction is a rather controversial 
issue, despite increasing evidence from the investigation of various physical phenomena about the existence of various types of earthquake 
precursory signals. In another accompanying paper of this issue we review some of the various methods which provide earthquake precursory 
signals and we suggest a new one, based on the space observation of energetic electron precipitation in the upper ionosphere  (Anagnostopoulos 
et al.).  
The question addressed in this paper is the possible synergy between space whether prediction and earthquake prediction research. Gousheva et 
al.(2003) noted that although many authors have studied the role of extraterrestrial factors in terrestrial seismicity, the problem remains 
controversial.  However, there is an increasing evidence for an influence of solar activity upon seismic activities.  For instance, Khain and 
Khalilov (2008) presented statistical results that (a) in both the spectra of earthquakes with M>= 7 and Wolf numbers, the main  harmonic was 
found at T ≈ 10-11 years and (b) the most stable components of the spectra of time series of earthquakes and volcanoes  are the harmonics at T ≈ 
10-13 years and T ≈ 22-24  years. The authors suggested a long-term forecast for seismic activity until 2018 based on its high correlation with 
solar activity. Odintsov et al. (2007) determined that the maximum of seismic energy released from EQ sources during an 11-yr of the solar 
sunspots is observed during the phase of solar cycle decline and it lags behind 2yr of the solar maximum.  
Most importantly, a relation between the solar wind speed, as it incidents on the Earth‟s magnetosphere and the seismic activity has been 
established. It is known that the main source of high speed solar streams are the solar coronal mass ejections (CMEs), which have a maximum 
near to the solar sunspot maximum as a consequence of the increase solar activity, and the coronal holes with a maximum on the ascending and 
descending phase of solar activity. Gousheva et al. (2003) performed a statistical study and they found two maxima in the global yearly number 
of EQs in the 11-yr sunspot cycle, one coinciding with the solar sunspot cycle maximum, and the other one on the descending phase of the solar 
cycle. In agreement with these results, Odinstov et al (2007) confirmed that the maximum of the earthquakes number directly correlates with a 
sudden increase in the solar wind velocity.  
A significant increase in the incident solar wind speed on the earth‟s magnetosphere produces magnetospheric storms and substorms. Several 
scientists searched for a relationship between geomagnetic storms and tectonic events and implemented a transformation of solar flare energy 
into the energy of tectonic processes. For instance, Sobolev et al.(2001) and Zakrzhevskaya and Sobolev (2002) examined the probable 
seismicity effect of the magnetic storms by analysing the regional seismic catalogue of Kazakhstan and Kyrgyzstan (Mikhailova, 1990). They 
come to the conclusion that there is a good correlation between magnetic storms and the seismicity, and that the seismic response to a magnetic 
storm lasts for 10 days, with a maximum effect between 2 to 7 days after the sudden commencement. These authors found a correlation between 
magnetic storms / sudden commencement and earthquakes in the seismically active region of Kazakhstan and Kyrgyzstan. They formed two sub-
catalogs with events preceding and following magnetic storms and they used epoch superposition methods to show that, at a high significance 
level, the number of earthquakes occurring after storms increases in some areas and decreases in other, and that the tendency toward an increase 
of the number of earthquakes after the storm characterizes the region as a whole. A possible interpretation of this fact is the compensation of the 
storm effect time intervals. If the seismicity in some area increases after a storm, it decreases in the passive period (between storms) and vice 
versa. Let storms cause an increase in seismicity (the positive effect) in an area. This leads, on the one hand, to the energy outflow from other 
areas where the negative effect is observed and, on the other hand, to a decrease in seismicity in this area in the passive period following the 
active one. They applied parametric and non-parametric criteria to check the absence or presence of significant distinctions between pre- and 
post-storm samples something that concluded in the significant difference between events preceding and following magnetic storms (with a 
probability of 99.9% in the studied areas). They inferred that the storm effect on seismicity is evidently non-accidental.  
 
Bakhmutov et al. (2007) studied the correlation between geomagnetic field disturbances and earthquakes on the seismic zone in Vrancea, South 
Carpathian region. They demonstrated a reaction of the stress-strained medium to geomagnetic disturbances (morphological features in the 
geomagnetic variation structure) suggesting that most of the earthquakes were a result of stress discharges.  
 
Furthermore, Tarasov et al. (1999) reported a probable triggering effect on anthropogenic impulsive electrical signals on seismicity. Analyzing 
variations of the number of earthquakes in Kyrgyzstan associated with electrical signals radiated by an MHD generator, they inferred that the 
number of earthquakes tends to increase 3-4 days after the electrical signal passage. The duration of this activation stage is a few days, and the 
dimensions of the possibly affected area are on the order of a few hundred kilometres. 
 
In conclusion, the above referred papers based on statistical results are consistent with an increase of seismicity of earth under influence of 
geomagnetic storms related with the solar wind speed increases. In this paper we study for the first time the possible direct influence of high 
solar wind streams on the earth‟s seismicity for a time interval of 35 days including the Sumatra – Andaman strong (9.3) EQ (Stein and Okal, 
2007), that caused the tsunami of hundreds thousands dead people. Our data analysis clearly shows that 7 of the 7 solar wind increases observed 
upstream from the earth‟s bow shock from 23/11/2004 to 28 /12/2004 were followed by one or more M>6 earthquakes (M=7.1, 7.0, 6.8, 6.8, 8.1, 
9.3, respectively) within ~1.5 days, all (except the Sumatra EQ) occurred at the edges of Pacific Plate. The possible conditions of the solar wind-
magnetosphere-lithosphere coupling during that special time period are also discussed. 
 
 
 
 
2. Observations 
 
2.1 Data and Processing  
In the present study, the geomagnetic Kp index and the Solar Wind velocity (Kp and SwV) data have been retrieved from the Space weather 
prediction center (http://www.swpc.noaa.gov/) and the earthquake data from http://earthquake.usgs.gov. The relevant time period from 
23/11/2004 to 31/12/2004 is examined. We have plotted these data in composite figures in an attempt to search for any qualitative correlations 
between parameters of space weather, geomagnetic status and earthquakes. Additionally we present in tables the quantitative results in order to 
provide a first quantification of these correlations. 
 
2.2 Data Analysis. 
Figure 1 shows an overview of the magnitude of strong (M>6) earthquakes (top panel), as well as time series of (3-hours) geomagnetic Kp index 
(middle panel) and 3-hours averaged solar wind speed (bottom panel) for time interval November 23 to December 28, 2004, which includes the 
giant Andaman-Sumatra EQ. This figure shows in brief the main characteristics of the solar -magnetosphere-lithosphere coupling discussed in 
this paper during this exceptional case of seismic activity. The green normal lines mark times of solar wind speed increases, the blue arrows 
indicate related increases in the daily number of the Kp index, and the red arrows point the EQs following the corresponding solar wind and Kp 
index values increases. From this first figure it is clearly seen an association between solar wind and Kp index values increases with occurrence 
of strong EQs. In the following figures this relation is examined in detail. 
Figures 2 and 3 display the Kp and SwV along with their variations in different time scales (daily and 3hourly respectively). In Figure 4 we 
present the earthquake activity along with the aforementioned space weather parameters. As can be seen, in the temporal vicinity of every major 
earthquake (M>6 in the Richter scale) there are local maxima in the Kp index. In all of the cases these maxima of the Kp occur exactly before or 
the same day of the earthquake.  In addition to Figure 4 we present Tables 1 and 2 in which we have evaluated the slopes of the Kp up to the 
maximum that is relevant to each earthquake.  
It is interesting to note that although for some earthquakes the daily Kp increase seems rather gradual (low Kp slope), this is a result of 
averaging. This is especially evident in earthquakes #6 and # 7 for which we have calculated the Kp slope for all the monotonously increasing 
Kp dates and then calculated the slopes of some actual „day to day‟ Kp variations. So, in the case of earthquake #6, while the total calculated Kp 
slope is 6, it increases to 8 when calculated for two days prior to the earthquake (Kp=13 and 21 respectively). This is even more accented in 
earthquake #7 in which the Kp slope is 8 and 9, when calculated from 4 and 3 points respectively, while from „day 3‟ before the earthquake 
(20/12/2004)  to  „day 2‟  before the earthquake (21/12/2004), the actual Kp slope is 12.  
In addition to these results we present in figures 4 and 6 the temporal distribution of the Kp index and the solar wind speed (SwV) maxima 
regarding each earthquake. While the solar wind activity is not definitive in the vicinity of each earthquake, the Kp activity appears to presents a 
temporal association to the occurrence of earthquakes. To verify this association, we have tabulated the earthquake events and recorded the 
temporal distance (in 3 hourly periods) of each Kp maximum that occurred before the earthquake (Table 3). As is shown in Table 3 there is an 
average preceding Kp maximum at about 36 ± 3 hours between the Kp maximum and the earthquake occurrence.   
Figure 7 shows magnetic field and solar wind data from the ACE spacecraft suggesting that the high speed solar wind streams were due 
to corotating interaction regions (CIRs) incident on the earth‟s magnetosphere.  
These results although preliminary and mostly qualitative seem to suggest that a possible association between the space weather parameters and 
geological phenomena could be established, should a larger data sample could be explored.  It is clear that such a larger scale study could 
conceivably lead to a possible correlation of the actual physical processes of space magnetism as a triggering means for geological processes that 
would lead to observable effects such as earthquakes. 
 
3. Discussion and Conclusion 
 
Several studies in the last years have been devoted to the relations between solar activity and its impact on the earth‟s magnetosphere, 
ionosphere, atmosphere, human life and health, technological systems and lithosphere, including earthquakes. Space science community has 
recently concentrated  his interest on the so called “space weather” in order to predict geomagnetic and ionospheric disturbances, which have  
significant impact on electrical power systems, telecommunications, oil pipelines,  spacecraft and aircraft electronics, astronauts safety, climate 
changes etc. The results of this paper further support the results of previously presented statistical studies that (a) the solar activity influences the 
seismic activity, (b) this influence is mediated through rapid geomagnetic disturbances, (c) the geomagnetic disturbances is related with the solar 
wind speed increases. These conclusions brings space whether prediction close to earthquake prediction research.  
Various authors attributed seismic activity to a variety of extraterrestrial factors. Different elements of solar activity have been proposed as 
triggers of seismic activity: solar and lunar tides (Jakubcova and Pick., 1987;  Belyakov et al.,2007), solar proton fluxes (Velinov, 1975),  
earthward movement of the magnetopause caused by an increased solar wind dynamic pressure (Makarova and Shirochkov, 1999), high solar 
wind speed (Sytinski, 1989).  The Sun – interplanetary space – magnetosphere – ionosphere – atmosphere – lithosphere chain is a complicated 
open dynamic nonlinear system of a complex of processes with high unpredictability. In this context, the seismic phenomena of the Earth should 
be considered as a part of the whole Sun-Earth system. The relation between seismicity and the Sun-Earth chain processes has been considered 
as ambiguous. The contribution of various solar impact processes on earth‟s lithosphere and their association with the seismic energy release 
needs much work.  
How solar wind impact on the magnetosphere can provide energy to lithosphere and trigger seismic EQs? Sobolev et al (2001) and 
Zakrzhevskaya and Sobolev (2001) argued that the estimation of the energies supplied by magnetic storms and released by earthquakes suggests 
a trigger mechanism should be considered as responsible for the magnetic storm effect on seismicity.  If the crust in the area of the forthcoming 
earthquake is in metastable state, it becomes more sensitive to trigger-like effects. The electrical energy supplied to the earth during a storm is 
then converted into mechanical energy via piezoelectric, electrokinetic or other mechanoelectric effects and additionally increases mechanical 
stresses. Sytinskii (1997) argued that the triggering mechanism for EQ occurrence is the solar induced change in atmospheric circulation 
expressed in large scale reorganization of |baric fields. Furthermore, Prikyl et al. (2003) provided evidence that the gravity waves are generated 
by auroral electrojets caused by high speed solar wind MHD waves. Kormiltsev et al. (2002) suggested another mechanism of the effect of 
magnetic storms on seismicity. They hypothesized that electro-osmotic fluid flow induced by magnetic storms generates anomalous porous 
pressure, which could be the triggering of the tectonic event.  
 
The data analysis of seven strong (>6.8) EQs between 23/11/2004-28/12/2004, provides a possible useful information for further testing the 
storm induced triggering mechanism of EQs. These data suggests that strong EQs occurred during the fast increase of the geomagnetic activity 
as it inferred by the rythme variation of the geomagnetic Kp index (Kp/Δt) and not during the large storms. Furthermore, the two strongest EQs 
during this period, the giant Sumatra – Andaman EQ (M=9.3) and north of Macquarie islands EQ (M = 8.1) occurred on December 26,2004 and 
on December 23,2004, after the recorded highest values of the ratio Kp/Δt evaluated for the period of 35 days. Additionally, the six strong EQs 
before the Sumatra – Andaman EQ occurred on the same broad area of the Pacific |Plate.  
 
This paper provide evidence that the increase of solar wind speed, and the subsequent fast variability of the geomagnetic field  was probably a 
trigger agent for the giant Sumatra – Andaman EQ and for 6 more than 6.8  (>6.8) EQs occurred within the period of a month before that deadly 
event (Sumatra – Andaman EQ). This hypothesis is strongly supported by the data and is consistent with previously published statistical results 
mentioned in Section 1.  
 
The solar-magnetosphere-lithosphere coupling and their possible special characteristics during the period examined in this paper should further 
studied, since it provides a good example of direct response of a series of 7 strong-to-giant EQs to solar wind speed increases and their 
subsequent geomagnetic disturbances. Moreover, it could provide significant information on the underlying physical relation processes. The 
whole set of data between 23/11/2004-28/12/2004 and the probably suggestion that the fast variability of the geomagnetic field is a key 
parameter for formulating a theory on solar wind / geomagnetic storm triggering of the EQs is under examination. Since, it is generally accepted 
that the strength of the Sumatra – Andaman (SA) EQ was unexpected from only a tectonic plate point of view and that the oceanwide tsunamis 
may reflect the short earthquake history sampled (Stein and Okal, 2007), we think that the vicinity in time (~3 days) and space (Fig.  8) of the 
two giant (8.1, 9.3) EQs may suggest a relation of SA EQ with the previous strong EQ which occurred within the broad area where Pacific, 
Philippine, Eurasian and Indian Plates meets one each other.  
 
Acknowlegments. The leading author thanks Drs E. Sarris, G. Pavlos and D. Sarafopoulos for helpful discussions and Dr P. Preka for his valuable comments 
on the manuscript. 
 
References 
Afanas‟eva, V.I., Geomagnetic Activity, Its Variation and Origins, Geomagn. Aeron., 1963, vol.3, no., pp. 385-386. 
Amhroz, P.,“Statistical method of superposition of epochs. I. Methodical analysis and some-criteria of application”, Bull. Astron. Inst Czechosl., vol. 30, pp. 
114-121, 1979. 
Aoki, S., Ohtake, M., and Sato, H., Tidal Modulation of Seismicity: An Indicator of the Stress State, The 29
th
 General Assembly of the International 
Association of Seismology and Physics of the Earth‟s Interior. Abstacts. Thessaloniki, Greece, August 18-28, 1997,p. 347. 
Bakhmutov, V., Sedova, F., Mozgovaya, T., Morphological Features in the Structure of Geomagnetic Variations in Relation to Earthquakes in Vrancea, Publ. 
Inst. Geophys. Pol. Acad. Sc., C-99 (398), 2007 
Chree, C., “Magnetic declination at Kew observatory 1890 to 1900”, Phil. Trans. Roy, Soc. London A., vol. 208, pp. 205-246, 1908. 
Dionysiou, D., Papadopoulos, G. A., Sams E. N., and Tsikouras, P. G., “Neytonian tidal theory and PPN metric theory. Variable G and earthquakes, II”, 
Eurth, Moon, andPlanets, vol. 64 (I), pp. 1-29, 1994. 
Gopalswamy, N., Yashiro, S., Kaiser, M.L., Howard, R.A., Bougeret, J.-L., “Characteristics of coronal mass ejections associatcd with long-wavelength type 
II radio bursts‟‟, J. Geophys. Res., vol. 116 (A12), pp. 29,219-29, 229, 2001. 
Greff-Lefilz M. and Legros, H., “Correlation between some major geological events and 
resonances between the free core nutation and lunisolar tidal waves”, Geophys. J. Int‟l, vol. 139 (I), pp. 131-151, 1999. 
Guidoboni E. with the collaboration of A. Comastri and G. Traina, Catalogue of Ancient Earthquakes in the Mediterraneun Area up to the llYh Century, 
Rome, Instituto Nazionale di Geofisica, 1995. 
Hayakawa, M., Molchanov, O. A., Ondoh, T., and Kawai, E.: The precursory signature effect of the Kobe earthquake on VLF subionospheric signals, J. 
Comm. Res. Lab., Tokyo, 43, 169–180, 1996. 
Hayakawa, M.: Atmospheric and Ionospheric Electromagnetic Phenomena Associated with Earthquakes, Terra Sci. Pub. Co., 996p, Tokyo, 1999. 
Hayakawa, M. and Molchanov, O. A. Editors, Seismo Electromagnetics: Lithosphere – Atmosphere – Ionosphere Coupling, TERRAPUB,477p, Tokyo, 2002. 
Hayakawa, M., Shvets, A. V., and Maekawa, S.: Subionospheric LF monitoring of ionospheric perturbations prior to the Tokachi-oki earthquake and a 
possible mechanism to lithosphere – ionosphere coupling, Adv. Polar Upper Atmos. Res., 19, 42–54, 2005. 
Hayakawa, M., Ohta, K., Maekawa, S., Yamauchi, T., Ida, Y., Gotoh, T., Yonaiguchi, N., Sasaki, H., and Nakamura, T.: Electromagnetic precursors to the 
2004 Mid Niigata Prefecture earthquake, Phys. Chem. Earth,31, 356–364, 2006. 
Hayakawa, M. and O. A., Molchanov, Seismo-electromagnetics as a new field of radiophysics: Electromagnetic phenomena associated with earthquakes, 
Radio Sci. Bull., 320, 8–17, 2007. 
Horie, T., Maekawa, S., Yamauchi, T., and Hayakawa, M.: A possible effect of ionospheric perturbations associated with the Sumatra earthquake, as revealed 
from subionospheric very-lowfrequency (VLF) propagation (NWC-Japan), Int‟l J. Remote Sensing, 28, 13, 3133–3139, 2007a. 
Horie, T., Yamauchi, T., Yoshida, M., and Hayakawa, M.: The wave-like structures of ionospheric perturbation associated with Sumatra earthquake of 26 
December 2004, as revealed from VLF observation in Japan of NWC signals, J. Atmos. Solar-terr. Phys., 
69, 1021–1028, 2007b. 
Jakubcova, I., and Pick, M., “Correlation between solar motion, earthpakes and other geophysical phenomena”, Annls. Geophys., vol. 5 (B), pp. 135- 
141,1987. 
Kanamori, H., “The Energy Release in Great Earthquakes”, J. Geophys. Res., vol. 82, pp. 2981- 2987,1977. 
Khachay, O.A., “On the study of a statistical association between tectonic activity and solar activity using methods from the mathematical theory of entropy”, 
Vulk Seismol., vol. 1, pp. 45-51, 1994. 
Kormiltsev, V.V., N.P. Kostrov, A.N. Ratushnyak and V.A. Shapiro, 2002, The influence of electro-osmotic pressure generating by geomagnetic disturbances 
on the evolution of seismotectonic process. In: M. Nayakawa and O.A. Molchanov (eds.), “Electromag-netic: Lithosphere-Atmosphere-Ionosphere 
Coupling”, Terrapub, Tokyo, 203-207. 
Kulanin, N. V., “Relationship between seismic status of Earth and relative position of bodies in sun-earthmoon system”, IN. Akad. Nuuk SSSR: Fiz. Zemli, 
vol. 6, pp. 95-99, 1984. 
Lopes, R.M.C, Malin, S.R.C. and Mazzarella, A. “Lunar and solar triggering of earthquakes”, Phys. Earth Planet. Inter., vol. 59, pp. 127.129, 1990. 
Ludm6ny, A.,  and Bsanyi, T., “Comparative~study of the atmospheric effects driven by irradiance vs. corpuscular radiation?, .In: Proceedings-of-SOLSPA 
2000 Euroconference, ESA SP-463, 2000, pp. 141- 146. 
Maekawa, S., Horie, T., Yamauchi, T., Sawaya, T., Ishikawa, M., Hayakawa, M., and Sasaki,H.: A statistical study on the effect of earthquakes on the 
ionosphere, based on the subionospheric LF propagation data in Japan, Ann. Geophysicae, 24, 2219–2225,2006. 
Makarova, L.N.,  and Shirochkov, A.V., “On the connection between the Earth‟s magnetosphere magnetopause position and the earthquakes occurrence”, In: 
Abstracts of XXVI General Assembly LJRSI, Toronto, Canada, August 13-21, 1999, p.755. 
Mikhailova, N.N., Katalog zemletryasenii Severnogo Tyan‟ Shanya i prilegayushchikh territorii za 1975-1982 gg. Ch. I., 2 (Catalog of \earthquakes in the 
North Tien Shan and Adjacent Areas over the Period from 1975 through 1982: Parts 1 and 2), Alma-Ata: Nauka, 1990 
Molchanov, O. A., and Hayakawa, M.: Seismo-electromagnetics and Related Phenomena: History and Latest Results, TERRAPUB, Tokyo, 189p., 2008. 
Nikolaev, A.V. and Nikolaev, V.A., Earth Tides Triggering os Earthquakes, Continental Earthquakes, Beijing: Seismological Press, 1993, pp. 319-327  
Prikryl, P.,Muldrew, D. B., Sofko, G. J., “High-speed solar wind, auroral electrojets and atmospheric gravity waves: a link to the earth‟s atmosphere”, In press 
in Proceedings of the International Solar Cycle Studies Symposium 2003: Solur Variability as un Input to the Earth Environment, June 23-28, 2003, 
Tatranska Lomnica, Slovakia, ESA-SP, 2003. 
Rikitaky, T., 1979, Earthquakes Prediction, Mir Press, Moscow, 388 pp. (in Russian). 
Rozhnoi, A., Solovieva, M. S.,Molchanov, O. A., and Hayakawa, M.: Middle latitude LF (40 kHz) phase variations associated with earthquakes for quiet and 
disturbed geomagnetic conditions,Phys. Chem. Earth, 29, 589–598, 2004. 
Rulev, B.G., Annual Periodicity in the Emission of Microearthquakes and Irregularity of the Earth‟s Rotation, Zemletryaseniya i protsessy ikh podgotovki 
(Earthquakes and Their Preparation Process), Moscow: Nauka, 1991, pp. 127-138  
Schove, D.J., „The sunspot cycle, 649 B.C. to A.D. 2000”, J.Geophys.Res. vol. 60,pp. 127-135, 1955. 
Shvets, A. V., Hayakawa, M., and Maekawa, S.: Results of subionospheric radio LF monitoring prior to the Tokachi (m=8, Hokkaido, 25 September 2003) 
earthquake, Natural Hazards Earth System Sci., 4, 647–653, 2004.  
Sidorin, A. Ya., Predvestniki zemletryasenii (Earthquake Precursors), Moscow: Nauk, 1992  
Sobolev, G.A., 1993, Bases of the Forecast of the Earthquakes, Nauka Press, Moscow, 313 pp. (in Russian).  
Sobolev, G. A., Shestopalov, I. P., Kharin, E.P., Geophysically Significant Solar Flares and Seismic Activity of the Earth, Fiz. Zemli, 1998, no. 7, pp. 85-90 
Sobolev, G.A., N.A. Zakrzhevskaya and E.P. Kharin, 2001, On the relation between seismicity and magnetic storms, Phys. Solid Earth, Russian Acad. Sc. 11, 
62-72 (in Russian). 
Sobolev, G.A. and Denim, V.M., Mekhanoelektricheskie yavleniya v Zemle  (Electromechanical Phenomena in the Earth), Moscow: Nauka, 1980. 
Souchay and M. Stavinschi, “Study of the correlations between long-periodic terrestrial tides and occurrence of earthquakes in the Vrancea site”, Earth, 
Moon, and Planets, vol. 77 (2), pp. 105-124, 1997. 
Svetos, B.S., Odintsov, V.I.,Kksa, Yu.I. and Balandina, S.E., Long-Term Monitoring of MT Fields in a Seismoactive Area, The 14
th
 Workshop on 
Electromagnetic Induction in the Earth. Book of, Abstracts, Vergillia, 1998. 
Sytinskii, AD., “Influence of interplanetary disturbances on the seismicity and ahnosphcre of the Earth”, Geomugn. Aeron., vol. 37 (2), pp. 138-14, 1997. 
Sytinskii, A.D., “On the relation between earthquakes and activity”, Fizika Zem/i, vol. 2, pp. 13-30, 1989. 
Sytinskii, A.D., Recent tectonic Movements as Evidence of the Solar Activity, Geomagn. Aeron., 1963, vol. 3, no. 1, pp. 148-156 
Tarasov, N.T., N.V. Tarasova, A.A. Avagimov and V.A. Zeigarnik, 1999, The effect of high-power electromagnetic pulses on the seismicity of the Central 
Asia and Kazakhstan, Volcan. Seismol., Russian Acad. Sc. 4/5, 152-160 (in Russian).  
Velinov, P., “The effect of solar activity on geophysical processes”, Bu/g Geofiz. Spis., vol. 1, pp. 51-77, 1975. 
Vidale, J.E., Agncw, D.C., Johnston M.J.S., and Oppenheimer, D.H., “Absence of earthquake correlation with Ea~th tides: An indication of high preseismic 
fault stress rate”,J. Geophys. Res., vol. I03 (BIO), pp: 24,567-24.572, 1998. 
Volodichev, N. N., Kuzhevskii, B. M., and Nechaev, V., “Solar-Lunar-Terrestrial Relationships: Peaks of Neutron Emission and Seismic Activity”, Astron. 
Vesmik, vol. 34, pp. 173-176,2000. 
Wu, X., Mao, W. and Huang, Y., “Astronomical tides and earthquakes”, Progress in Astronomy, vol. 19 (I),pp. 45-54,2001. 
Yamauchi, T., Maekawa, S., Horie, T., Hayakawa, M., and Soloviev, O.: Subionospheric VLF/LF monitoring of ionospheric perturbations for the 2004 Mid-
Niigata earthquake and their structure and dynamics, J. Atmos. Solar-terr. Phys., 69, 793–802, 2007. 
Zakrzhevskaya, N.A., and G.A. Sobolev, 2002, On the seismicity effect of magnetic storms, Phys. Solid Earth, Russian Acad. Sc. 4, 3-15 (in Russian). 
 
Figure captions: 
Figure 1         An overview of the magnitude of strong (M>6) earthquakes (top panel), as well as time series of (3-hours) geomagnetic Kp    
index (middle panel) and 3-hours averaged solar wind speed (bottom panel) for time interval November 23 to December 28, 
2004. A correlation between solar wind and Kp index values increases with occurrence of strong EQs is evident by arrows  
Figure 2  a-d: Kp, ΔKp, SwV, ΔSwV as a function of time (daily time scale) 
Figure 3  a-d: Kp, ΔKp, SwV, ΔSwV as a function of time (3 hourly time scale) 
Figure 4 a,b,c.     Earthquake Magnitudes, Kp and ΔΚp in the time interval between 23/11/2004 and 31/12/2004 (daily intervals). Kp 
reaches a local maximum exactly before or at the day of an earthquake occurrence.  
Figure 5 a,b.  Earthquake magnitudes and peak Kp variances that occurs before earthquakes. 
Figure 6 a,b.   Earthquake magnitudes and significant peak  SwV variances that occurs before earthquakes. 
Figure 7.         Solar wind magnetic field and solar wind data suggesting that the high speed solar wind streams were due to corotating interaction 
regions (CIRs) incident on the earth‟s magnetosphere 
Figure 8.  The sites of strong (>6.8) earthquake epicenters occurred between 23/11/2004 and 31/12/2004. 
  
 
 
Tables 
Table 1 : Dates, Kp values and calculated Kp Slopes (ΔKp/Δt) before every earthquake in the time period between 23/11/2004 and 31/12/2004 (daily 
intervals) .  
Table 2: Earthquakes, Dates, magnitudes and Kp Slopes for the time period between 23/11/2004 and 3/1/2005. 
Table 3: Table of the time intervals between the time of the max Kp and the occurrence of the earthquake. On average, Kp maximum precedes an 
earthquake by 36 hours. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 
 
 
 
 
  
Figure 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
t(days)
0
5
10
15
20
25
30
35
23
/11
/20
04
24
/11
/20
04
25
/11
/20
04
26
/11
/20
04
27
/11
/20
04
28
/11
/20
04
29
/11
/20
04
30
/11
/20
04
1/1
2/2
00
4
2/1
2/2
00
4
3/1
2/2
00
4
4/1
2/2
00
4
5/1
2/2
00
4
6/1
2/2
00
4
7/1
2/2
00
4
8/1
2/2
00
4
9/1
2/2
00
4
10
/12
/20
04
11
/12
/20
04
12
/12
/20
04
13
/12
/20
04
14
/12
/20
04
15
/12
/20
04
16
/12
/20
04
17
/12
/20
04
18
/12
/20
04
19
/12
/20
04
20
/12
/20
04
21
/12
/20
04
22
/12
/20
04
23
/12
/20
04
24
/12
/20
04
25
/12
/20
04
26
/12
/20
04
27
/12
/20
04
28
/12
/20
04
29
/12
/20
04
30
/12
/20
04
31
/12
/20
04
200
300
400
500
600
700
23
/1
1/
04
24
/1
1/
04
25
/1
1/
04
26
/1
1/
04
27
/1
1/
04
28
/1
1/
04
29
/1
1/
04
30
/1
1/
04
1/
12
/0
4
2/
12
/0
4
3/
12
/0
4
4/
12
/0
4
5/
12
/0
4
6/
12
/0
4
7/
12
/0
4
8/
12
/0
4
9/
12
/0
4
10
/1
2/
04
11
/1
2/
04
12
/1
2/
04
13
/1
2/
04
14
/1
2/
04
15
/1
2/
04
16
/1
2/
04
17
/1
2/
04
18
/1
2/
04
19
/1
2/
04
20
/1
2/
04
21
/1
2/
04
22
/1
2/
04
23
/1
2/
04
24
/1
2/
04
25
/1
2/
04
26
/1
2/
04
27
/1
2/
04
28
/1
2/
04
29
/1
2/
04
30
/1
2/
04
31
/1
2/
04
1/
1/
05
2/
1/
05
3/
1/
05
-150
-100
-50
0
50
100
150
200
250
300
23
/1
1/
04
24
/1
1/
04
25
/1
1/
04
26
/1
1/
04
27
/1
1/
04
28
/1
1/
04
29
/1
1/
04
30
/1
1/
04
1/
12
/0
4
2/
12
/0
4
3/
12
/0
4
4/
12
/0
4
5/
12
/0
4
6/
12
/0
4
7/
12
/0
4
8/
12
/0
4
9/
12
/0
4
10
/1
2/
04
11
/1
2/
04
12
/1
2/
04
13
/1
2/
04
14
/1
2/
04
15
/1
2/
04
16
/1
2/
04
17
/1
2/
04
18
/1
2/
04
19
/1
2/
04
20
/1
2/
04
21
/1
2/
04
22
/1
2/
04
23
/1
2/
04
24
/1
2/
04
25
/1
2/
04
26
/1
2/
04
27
/1
2/
04
28
/1
2/
04
29
/1
2/
04
30
/1
2/
04
31
/1
2/
04
1/
1/
05
2/
1/
05
3/
1/
05
Kp
ΔKp
SwV
ΔSwV
-20
-15
-10
-5
0
5
10
15
20
23
/11
/20
04
24
/11
/20
04
25
/11
/20
04
26
/11
/20
04
27
/11
/20
04
28
/11
/20
04
29
/11
/20
04
30
/11
/20
04
1/1
2/2
00
4
2/1
2/2
00
4
3/1
2/2
00
4
4/1
2/2
00
4
5/1
2/2
00
4
6/1
2/2
00
4
7/1
2/2
00
4
8/1
2/2
00
4
9/1
2/2
00
4
10
/12
/20
04
11
/12
/20
04
12
/12
/20
04
13
/12
/20
04
14
/12
/20
04
15
/12
/20
04
16
/12
/20
04
17
/12
/20
04
18
/12
/20
04
19
/12
/20
04
20
/12
/20
04
21
/12
/20
04
22
/12
/20
04
23
/12
/20
04
24
/12
/20
04
25
/12
/20
04
26
/12
/20
04
27
/12
/20
04
28
/12
/20
04
29
/12
/20
04
30
/12
/20
04
31
/12
/20
04
23
/1
1/
04
24
/1
1/
04
25
/1
1/
04
26
/1
1/
04
27
/1
1/
04
28
/1
1/
04
29
/1
1/
04
30
/1
1/
04
1/
12
/0
4
2/
12
/0
4
3/
12
/0
4
4/
12
/0
4
5/
12
/0
4
6/
12
/0
4
7/
12
/0
4
8/
12
/0
4
9/
12
/0
4
10
/1
2/
04
11
/1
2/
04
12
/1
2/
04
13
/1
2/
04
14
/1
2/
04
15
/1
2/
04
16
/1
2/
04
17
/1
2/
04
18
/1
2/
04
19
/1
2/
04
20
/1
2/
04
21
/1
2/
04
22
/1
2/
04
23
/1
2/
04
24
/1
2/
04
25
/1
2/
04
26
/1
2/
04
27
/1
2/
04
28
/1
2/
04
29
/1
2/
04
30
/1
2/
04
31
/1
2/
04
1/
1/
05
2/
1/
05
3/
1/
05
23
/1
1/
04
24
/1
1/
04
25
/1
1/
04
26
/1
1/
04
27
/1
1/
04
28
/1
1/
04
29
/1
1/
04
30
/1
1/
04
1/
12
/0
4
2/
12
/0
4
3/
12
/0
4
4/
12
/0
4
5/
12
/0
4
6/
12
/0
4
7/
12
/0
4
8/
12
/0
4
9/
12
/0
4
10
/1
2/
04
11
/1
2/
04
12
/1
2/
04
13
/1
2/
04
14
/1
2/
04
15
/1
2/
04
16
/1
2/
04
17
/1
2/
04
18
/1
2/
04
19
/1
2/
04
20
/1
2/
04
21
/1
2/
04
22
/1
2/
04
23
/1
2/
04
24
/1
2/
04
25
/1
2/
04
26
/1
2/
04
27
/1
2/
04
28
/1
2/
04
29
/1
2/
04
30
/1
2/
04
31
/1
2/
04
1/
1/
05
2/
1/
05
3/
1/
05
 Figure 3
Kp
ΔKp
SwV
ΔSwV
t(days)
200
300
400
500
600
700
23
/1
1/
20
04
 0
24
/1
1/
20
04
 0
25
/1
1/
20
04
 0
26
/1
1/
20
04
 0
27
/1
1/
20
04
 0
28
/1
1/
20
04
 0
29
/1
1/
20
04
 0
30
/1
1/
20
04
 0
1/
12
/2
00
4 
0
2/
12
/2
00
4 
0
3/
12
/2
00
4 
0
4/
12
/2
00
4 
0
5/
12
/2
00
4 
0
6/
12
/2
00
4 
0
7/
12
/2
00
4 
0
8/
12
/2
00
4 
0
9/
12
/2
00
4 
0
10
/1
2/
20
04
 0
11
/1
2/
20
04
 0
12
/1
2/
20
04
 0
13
/1
2/
20
04
 0
14
/1
2/
20
04
 0
15
/1
2/
20
04
 0
16
/1
2/
20
04
 0
17
/1
2/
20
04
 0
18
/1
2/
20
04
 0
19
/1
2/
20
04
 0
20
/1
2/
20
04
 0
21
/1
2/
20
04
 0
22
/1
2/
20
04
 0
23
/1
2/
20
04
 0
24
/1
2/
20
04
 0
25
/1
2/
20
04
 0
26
/1
2/
20
04
 0
27
/1
2/
20
04
 0
28
/1
2/
20
04
 0
29
/1
2/
20
04
 0
30
/1
2/
20
04
 0
31
/1
2/
20
04
 0
-100
-50
0
50
100
150
23
/1
1/
20
04
 1
24
/1
1/
20
04
 1
25
/1
1/
20
04
 1
26
/1
1/
20
04
 1
27
/1
1/
20
04
 1
28
/1
1/
20
04
 1
29
/1
1/
20
04
 1
30
/1
1/
20
04
 1
1/
12
/2
00
4 
1
2/
12
/2
00
4 
1
3/
12
/2
00
4 
1
4/
12
/2
00
4 
1
5/
12
/2
00
4 
1
6/
12
/2
00
4 
1
7/
12
/2
00
4 
1
8/
12
/2
00
4 
1
9/
12
/2
00
4 
1
10
/1
2/
20
04
 1
11
/1
2/
20
04
 1
12
/1
2/
20
04
 1
13
/1
2/
20
04
 1
14
/1
2/
20
04
 1
15
/1
2/
20
04
 1
16
/1
2/
20
04
 1
17
/1
2/
20
04
 1
18
/1
2/
20
04
 1
19
/1
2/
20
04
 1
20
/1
2/
20
04
 1
21
/1
2/
20
04
 1
22
/1
2/
20
04
 1
23
/1
2/
20
04
 1
24
/1
2/
20
04
 1
25
/1
2/
20
04
 1
26
/1
2/
20
04
 1
27
/1
2/
20
04
 1
28
/1
2/
20
04
 1
29
/1
2/
20
04
 1
30
/1
2/
20
04
 1
31
/1
2/
20
04
 1
0
1
2
3
4
5
6
23
/11
/2
00
4 
0
24
/11
/2
00
4 
0
25
/11
/2
00
4 
0
26
/11
/2
00
4 
0
27
/11
/2
00
4 
0
28
/11
/2
00
4 
0
29
/11
/2
00
4 
0
30
/11
/2
00
4 
0
1/
12
/2
00
4 
0
2/
12
/2
00
4 
0
3/
12
/2
00
4 
0
4/
12
/2
00
4 
0
5/
12
/2
00
4 
0
6/
12
/2
00
4 
0
7/
12
/2
00
4 
0
8/
12
/2
00
4 
0
9/
12
/2
00
4 
0
10
/12
/2
00
4 
0
11
/12
/2
00
4 
0
12
/12
/2
00
4 
0
13
/12
/2
00
4 
0
14
/12
/2
00
4 
0
15
/12
/2
00
4 
0
16
/12
/2
00
4 
0
17
/12
/2
00
4 
0
18
/12
/2
00
4 
0
19
/12
/2
00
4 
0
20
/12
/2
00
4 
0
21
/12
/2
00
4 
0
22
/12
/2
00
4 
0
23
/12
/2
00
4 
0
24
/12
/2
00
4 
0
25
/12
/2
00
4 
0
26
/12
/2
00
4 
0
27
/12
/2
00
4 
0
28
/12
/2
00
4 
0
29
/12
/2
00
4 
0
30
/12
/2
00
4 
0
31
/12
/2
00
4 
0
-3
-2
-1
0
1
2
3
4
23
/11
/2
00
4 
1
24
/11
/2
00
4 
1
25
/11
/2
00
4 
1
26
/11
/2
00
4 
1
27
/11
/2
00
4 
1
28
/11
/2
00
4 
1
29
/11
/2
00
4 
1
30
/11
/2
00
4 
1
1/
12
/2
00
4 
1
2/
12
/2
00
4 
1
3/
12
/2
00
4 
1
4/
12
/2
00
4 
1
5/
12
/2
00
4 
1
6/
12
/2
00
4 
1
7/
12
/2
00
4 
1
8/
12
/2
00
4 
1
9/
12
/2
00
4 
1
10
/12
/2
00
4 
1
11
/12
/2
00
4 
1
12
/12
/2
00
4 
1
13
/12
/2
00
4 
1
14
/12
/2
00
4 
1
15
/12
/2
00
4 
1
16
/12
/2
00
4 
1
17
/12
/2
00
4 
1
18
/12
/2
00
4 
1
19
/12
/2
00
4 
1
20
/12
/2
00
4 
1
21
/12
/2
00
4 
1
22
/12
/2
00
4 
1
23
/12
/2
00
4 
1
24
/12
/2
00
4 
1
25
/12
/2
00
4 
1
26
/12
/2
00
4 
1
27
/12
/2
00
4 
1
28
/12
/2
00
4 
1
29
/12
/2
00
4 
1
30
/12
/2
00
4 
1
31
/12
/2
00
4 
1
Figure 4 
 
t(days)
Figure 5 
 
Figure 6 
 
Figure 8 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 7 
 
 
 
 
 
 
 
 
 
 
 
  
Table 1 
Earthquake 
No 
EQ – Kp Τimes 
(Date) Kp 
Kp Slopes 
(ΔKp/Δt) 
ΔKp/Δt time scale 
(days) 
1 26/11/2004  8  
 23/11/2004 12  
 
 24/11/2004 17   
 25/11/2004 27   
2&3 28/11/2004  3  
 27/11/2004 19   
 28/11/2004 22   
4 6/12/2004  13  
 5/12/2004 15   
 6/12/2004 28   
5 14/12/2004  6  
 10/12/2004 19   
 11/12/2004 21   
 12/12/2004 31   
6 18/12/2004    
 15/12/04 13 6 3 
 16/12/04 21 8 2 
 17/12/04 25   
7 23/12/2004    
 19/12/2004 5 8 4 
 20/12/2004 8 9 3 
 21/12/2004 20 12 2 
 22/12/2004 26   
8,9,10 26/12/2004  15  
 24/12/2004 6   
 25/12/2004 22   
 
Table 2 
EQ 
No Earthquake (Date) 
Earthquake 
Magnitude ΔKp/day 
1 26/11/2004 7,1 8 
2&3 28/11/2004 6,6 - 7 3 
4 6/12/2004 6,8 13 
5 14/12/2004 6,8 6 
6 18/12/2004 6,2 6 
7 23/12/2004 8,1 8 
8,9,10 26/12/2004 9 - 7,1 - 6,6 15 
 
 
Table 3 
 
EQ 
No 
EQ  
Date   
tEQ – t Max Kp 
(hours) 
1 26/11/2004  7,1 36 
2 28/11/2004  6,6 33 
3 28/11/2004  7 30 
4 6/12/2004  6,8 33 
5 14/12/2004  6,8 33 
6 18/12/2004 6,2 36 
7 23/12/2004  8,1 42 
8 26/12/2004  9 36 
9 26/12/2004  7,1 24 
10 26/12/2004  6,6 39 
     
Mean    36  
SD          3 
 
 
 
 
 
 
